Introduction
Despite the considerable biochemical work on sulfonamide complexes, there have been very few inorganic sulfamide [1] [2] [3] [4] [5] [6] [7] , aromatic sulfonamide [7] [8] [9] [10] , orthanilamide [11, 12] and sulfanilamide [13, 14] complexes prepared. Most research on metal sulfonamide and sulfanilamide complexes has been limited to those containing one sulfonylamide group per molecule of ligand. An exception is the work reported [11, 12] on [M(LH2)(en)](0H)2 complexes, where LH2 = Bis(o-aminobenzenesulfonyl) ethylenediamine, M = Cu, Ni and en = ethylenediamine. A variety of compounds of the general type R2NS02NH(CH2)wNHS02NR2 [15] gave no isolable adducts with metal ions [4] . LH2 ( Fig. 1 ) has interesting ligating possibilities, because it has six donor groups. Also, the protons on the amide-N atoms can be removed and deprotonated complexes prepared. In our continuing studies of metal-amide interactions the present Experimental LH2 was prepared as described previously [11] . Microanalyses, elemental analyses and physicochemical measurements were carried out by published methods [16] [17] [18] ,
Preparation of the complexes
In a typical experiment to a solution of 0.32 g (1.35 mmol) C0CI2 • 6 H20 in 96% ethanol (30 ml) were added dropwise, under vigorous stirring, 1.0 g (2.7 mmol) LH2 previously dissolved in boiling 96% ethanol (60 ml). To the blue solution obtained 5.4 ml (5.4 mmol) of an aqueous standard 1 N KOH solution were added at 65 °C. The pH of the system was followed by a Radiometer-Copenhagen pH-meter NY. (type 26c) with glass and calomel electrodes; the saturated aqueous KCl solution of the calomel electrode was replaced by a methanolic one. The addition of the base caused an immediate rise in pH at first, followed by a fall, a fact indicating the gradual deprotonation of the amide groups. During this period the color of the solution turned from blue to pink to pink-blue. When the addition of the alkali solution was completed, a pink precipitate was obtained. The reaction mixture was refluxed for 20 min. The precipitate was filtered off, after cooling to room temperature, washed with ethanol (16x10 ml) and acetone (20 X 4 ml) and finally dried over P4O10 in vacuum to vield 1.04 g of pink K2[CoL2(H20)2] (1).
Using NiClo • 6 H20 and MnCl2 • 4 H20 as starting materials, the above synthetic procedure gave K2[NiL2(H20)2] (2) and K2[MnL2] (3), respectively. The rapid formation of K2[MnL2] from the solution suggests that the species is polymeric. In the case of Mn(II), when the molar ratio KOH : LH2 was larger than 1.8, hydroxo-derivatives with poor analytical results were obtained. Numerous attempts to prepare non-deprotonated chloride or thiocyanate complexes of Mn(II), Co(II) and Ni(II) over a variety of LH2: MX2 molar ratios failed to yield solid products. It is worth noting that attempts at the isolation in the dry-box of the corresponding Fe(II) complex, by following the preceding method, were also made. The precipitates obtained were of uncertain nature and were not studied any further.
The Cu(II) compounds were prepared in the following manner:
A solution of 1.0 g (2.7 mmol) of LH2 in boiling 96% ethanol (70 ml) was mixed with a solution of 0.23 g (1.35 mmol) of CuCl2 • 2 H20 in the same solvent (25 ml). To the green solution obtained an aqueous solution (15 ml) of 0.31 g (5.5 mmol) of KOH was added dropwise at 55 °C, under stirring. A dark-brown green solution formed at once and a precipitate after 10 min. The reaction mixture was cooled for 1 h in an ice bath. On closer inspection of the precipitate two different Kinds of crystals could de seen: green and yellow. The mixture of precipitates was filtered off, washed with 96% ethanol (5 X 5 ml) and transfered in a round bottle. Addition of 50 ml of absolute acetone caused complete dissolution of the green solid. The unchanged yellow material was filtered off, washed with ethanol (2x3 ml) and acetone (3x3 ml) and dried in vacuum at 65-70 °C to give 0.15 g of K2[CuL2] (4). The filtrate was concentrated, in vacuum, at 25 °C to a final volume of ~ 15 ml; upon addition of 96% ethanol (50 ml) a bluish-green precipitate was obtained, which was collected by filtration, washed with ethanol (10 X 3 ml) and vacuum dried to yield 0.42 g of K2[Cu2L2(OH)2] (5). The compound K2[Cu2L2(0H)2(H20)4] (6) was obtained similarly, by addition of aqueous ethanol (20 ml) and diethyl ether (200 ml) to the above mentioned deep green acetonic filtrate.
Efforts to prepare non-ionic complexes of the general type ML • nH20 (n = 0, 1,2, . . .) using a molar ratio KOH : LH2: MX2 = 2:1:1 met with failure. In this case the compounds 1, 2 and 3, with lower yields, were again isolated.
No evidence was obtained with any of the experiments for hydrolysis reactions occurring at the amide groups.
Results and Discussion

General
The analytical results and some physicochemical data are given in Tables I and II . The prepared complexes are crystalline and stable in the atmosphere. All the compounds are insoluble in nonpolar solvents and alcohols, slightly soluble in CHaN02 and C6H5NO2, while they are decomposed by dilute mineral acids. 5 and 6 are soluble in CH3CN, CH3COCH3 and H20. The complexes of Co(II), Ni(II) and Cu(II) dissolve readily in DMF and DMSO .1,2 and 4 show considerably higher solubility in aqueous NH3 than 5 and 6. The insolubility of K2[MnL2] is an evidence of a polymeric structure. The new complexes are of relatively high thermal stability. The water in 1 and 2 is eliminated at 150 °C; so, it may be either weakly coordinated or held strongly in the lattice [19] . a Values of molar conductance for ~10~3 M solutions at 25 °C; * AM(CH3COCH3) = 139 and AM(CH3CN) = 187 S cm 2 mol -1 ; c AM(CH3COCH3) = 148, AM(CH3CN) = 193 and AM(H20) = 215 S cm 2 mob 1 ; <3 at room temperature ; e per Cu(II) ion; f the IR spectra of the products after heating are de voided of absorptions attributable to the presence of coordinated or lattice water, i = insoluble.
The X-ray powder data show that 1 and 2 are isomorphous and a consideration of the d values and intensities suggests that these complexes are nearly isostructural. All patterns suggest, by the multitude of the reflections, that the solids formed are of low symmetry.
The typical AM values for 2:1 electrolytes in DMF, DMSO, CH3CN and CH3C0CH3 [20] are larger than those found for the complexes prepared; especially, the values in DMF indicate 1:1 electrolytes. However, because of the large size of LH2, systems in which K+ ions are balanced by a [ML2] 2~ complex anion will have lower AM values than for typical smaller complex anions, since the ionic mobilities of the latter are greater than those for [ML2] 2 -or [ML2(H20)2] 2 -. This point requires a study of solution chemistry and this is not the purpose of the present paper.
Magnetic behavior and electronic spectra
The room temperature magnetic moments (Table II) are normal for high-spin 3d 5 , 3d 7 and 3d 8 configurations [21] . The //ert value for the Mn(II) complex is as expected for five unpaired electrons (S = 5/2); this moment is given by the spin-only term. The complex 1 exhibits /uett = 4.93 B. M. consistent with a pseudo-octahedral arrangement of ligands around Co(II), while the moment of 2 is found towards the high end of the "octahedral" region for Ni(II). The complex 4 has a normal magnetic moment, which is typical for a mononuclear species. It must be pointed that tetrahedral Cu(II) complexes, having an orbital triplet ground state, should theoretically have moments exceeding 2.00 B.M. [22] , The subnormal moments of 5 and 6 support dimeric structures, probably with OH~ bridges [23, 24] , Table III gives details of the electronic spectra. The symmetry and bonding properties of chelate Mn(II) compounds cannot be easily considered by ligand field techniques. The complex 3 exhibits very weak ligand field bands in the visible region because of the spin-and parity-forbidden nature of the transitions; this shape of the spectrum is typical of an octahedral stereochemistry [26] .
The Co(II) complex has an electronic reflectance spectrum and crystal field parameters typical for octahedral CoN402 coordination [27] ,
The solid state electronic spectrum of 2 contains a large number of bands. From the presence of splitting in the 16.00-18.50 kK spectral region it is concluded that tetragonal distortion arising from the different nature of the ligands, L 2~ and water molecules, is significant [28] . Accordingly, we have caused by the presence of a five-coordinate, most likely square pyramidal, configuration [31] upon bonding of one solvent molecule. The shoulder at ~22 kK argues cogently for a small concentration of square coplanar molecules with a CuN4 chromophore and no near neighbors along the four fold axis [22] ,
The diffuse reflectance spectra of 5 and 6 are fairly typical of octahedral complexes with a small tetragonal distortion. The chromophores appear to be CuN402 [11, 31] for 5 and CuN20202 [32] for 6. It was expected that the presence of the aqua ligands in 6 would lower the energy of the d-d manifold. The small tetragonal distortion is probably due to the dimeric nature of the compounds. The intense shoulder, which occurs at ~26 kK, is assigned to a charge transfer transition from p^ orbitals of the bridging oxygen atoms to the unfilled d orbitals of the copper ions [33] . For each of the compounds the d-d solution spectra are different from the solid state spectra, suggesting that the solution spectra do not represent the isolated complexes. The red shift of the 15.87 and 14.49 kK maxima is most assumed a D4h symmetry with a NiN402 chromophore [29] to be closely approximated. In a complex of D4h symmetry the split components of the 3 Tig levels (in Oh symmetry) become 3 A2g and 3 Eg. So, the spectrum strongly suggests a trans-tetragonally distorted octahedral structure for 2.
For 1 and 2 the solution spectra are different from the solid state spectra indicating that there is a rearrangement of the coordination geometry on dissolution in DMF and DMSO (octahedral ->pseudo-tetrahedral).
The yellow color of K2[CuL2] was rather surprising. The obvious shift of the Vd_d maximum to longer wavelengths (the low frequency limit of the instrument used was 12.50 kK) allows the charge-transfer band at 26.67 kK to dominate the color. This red shift must be due to a distorted tetrahedral structure in the solid state [30] . The solution spectra of 4, in contrast to its reflectance spectrum, exhibit two appreciable d-d transitions in the visible region. The blue shift of the main d-d band probably results from a flattening of the tetrahedral distortion present in the solid state [30] ; this shift could also be [7-10, 15, 34-39] . ö = bending, vas = antisymmetric stretching, vs = symmetric stretching, ss = strong and sharp, vs = very strong, s = strong, ms = medium and sharp, mb -medium broad, m = medium, sh = shoulder.
likely caused by strong coordination of solvent molecule(s) in axial positions, which weakens the in-plane bonding.
More detailed interpretation of the electronic properties will require determination of molecular structures. We are continually trying to obtain crystals suitable for X-ray analysis, but have not so far obtained any.
IR studies
The characteristic IR bands of the free ligand and its metal complexes are given in Table IV. The spectra of 1, 2 and 6 are generally characterized by bands, due to the presence of water. Their v(O-H)Water band is single and comparatively sharp, occurring at ~ 3450 cm -1 ; this band is attributed to exclusively coordinated water [34] . Additional weak r(O-H) bands are observed in the 2800-2000 region; these bands are due to hydrogen bonding between hydrogen atoms of the coordinated water and -SO2 oxygens not involved in coordination [34] . The H-O-H bending motion occurs at 1620 cm -1 as a distinct shoulder [35] . The rocking, wagging and metal-oxygen stretching modes of coordinated water were seen in the 900-350 cm -1 region, together with other absorptions.
The sharp band of medium intensity observed at 3550 cm -1 in the spectra of 5 and 6 is assigned to the bridging hydroxo groups [36] . The hydroxo group can be distinguished from the aquo-group, since the former lacks the HOH bending mode near 1620 cm -1 . The band close to 1040 cm -1 is due to the bridging CuOH bending mode [35] .
As would be expected, the characteristic vibrational modes of the -NH-groups in the spectrum of LH2 are absent from the spectra of the complexes.
The vas(N-H) and vs(N-H) modes of the aromatic -NH2 groups in the free ligand are assigned to the strong and sharp absorptions at 3458 and 3362 cm -1 , respectively. In the spectrum of 5 these bands occur 90-100 cm -1 lower than the corresponding ones in LH2. This relatively large shift to lower frequencies is explained by the weakening of the N-H bonds, resulting from the electron drainage from the nitrogen atom on account of its coordination to Cu(II). The vas(NH2) and vs(NH2) bands in the spectra of the other complexes suggest that the -NH2 groups remain uncoordinated. The small shifts to lower frequencies (2-38 cm -1 ) and the broad character of these bands could be due to somewhat stronger hydrogen bonding to the sulfonyl-oxygens by the -NH2 hydrogens, when compared to the hydrogen bonding in the pure ligand.
The absence of large, systematic shifts of the -SO2 stretching frequencies in the spectra of 1, 2, 4, 5 and 6 implies that there is no interaction between the sulfonyl groups and the metal ions [7] [8] [9] [10] . The spectrum of 3 exhibits bands indicative of both O-coordinated [38, 39] and uncoordinated -SO2 groups. It is less easy from IR data alone to determine whether the O-bonded -SO2 group is coordinated to Mn(II) through one or both oxygen atoms [39] .
The region of the free ligand's spectrum between 530 and 250 cm -1 has only four weak absorption bands at 488, 433, 350 and 309 cm" 1 . This would indicate that other bands observed in this region would be assignable to metal-ligand stretching frequencies. However, a comparison of the Far-IR spectra between LH2 and its metal complexes fails to give clear cut assignment since other ligand vibrations, activated by complex formation, may appear in the same spectral region as the metalligand vibrations. Of the several bands observed in the Far-IR spectra, some may be assigned to V(M-N), V(M-OH2), V(CU-OH) and V(Mn- OSO) vibrations.
Concluding remarks
The -SO2-NH-groups may coordinate to the metal ions through the nitrogen or oxygen atoms. The fact that the ligand coordinates as the anion seems more consistent with N-coordination. The IR spectra of 1, 2, 4, 5 and 6 are diagnostic in the absence of O-bonded complexes. In 1, 2, 4 and 6 L 2-acts as a bidentate N2 ligand, while in 5 L 2_ shows a tetradentate N4 behavior with the participation of the aromatic -NH2 groups in coordination. For K2[MnL2] a polymeric structure involving L 2-bridging units is a possibility; this is suggested by the insolubility of this compound, the high thermal stability and the IR pattern. In the absence of detailed structural studies the mode of coordination in the Mn(II) complex remains somewhat speculative.
The overall evidence available favors octahedral monomeric MN4O2 (M = Co, Ni) and distorted tetrahedral CUN4 configurations for 1, 2 and 4; in 1 and 2 the two water molecules are coordinated. The compounds 5 and 6 most probably exist in OH-bridged dimeric forms with each copper ion exhibiting N1O2 coordination in 5 and N2O4 coordination in 6; in the latter compound there are two aqua ligands per copper ion. The bridging hydroxo groups and a complex hydrogen bonding scheme could bind these dimeric units strongly in the crystal lattice. Similar dimeric or oligomeric Cu(II) complexes with hydroxo bridges are known [21, 23, 24, 35, 36, 40] .
In conclusion, the work herein reported seems to indicate, that the orthanilamide anion prefers to bond through nitrogen to the metals. Furthermore, the neutral orthanilamides are not strongly bonded by the metals, like the aromatic neutral sulfonamides [7] .
